Background: Primary cardiac angiosarcoma (PCAS) is a rare type of tumour. Furthermore, descriptions of the demographic features and prognostic factors of PCAS patients have been poorly reported.
Introduction
Angiosarcoma originates from vascular endothelial cells and occurs in the skin. Angiosarcoma is most commonly found in the head and neck, followed by soft tissue and mammary glands, liver, spleen and bone [1] [2] [3] . Primary cardiac angiosarcoma (PCAS) cases are extraordinarily rare but comprise most of the malignant cardiac tumour cases. PCAS originates from vascular endothelial cells or vascular endothelial cells that differentiated from mesenchyme cells [4, 5] .
Much of the literature emphasizes that a majority of PCAS cases occur in the right atrium [6] [7] [8] [9] .
Page 2 of 10 Zhang et al. Eur J Med Res (2019) 24:29 Angiosarcoma mainly occurs in the right atrium but can also occur in the right ventricle [10] .The most important feature of cardiac angiosarcoma is invasive growth and metastases, which often infiltrate the myocardium, valves, pericardium, and even the coronary artery. Invasive growth is the main cause of high malignancy and poor prognoses for angiosarcoma [11] . Early diagnosis of angiosarcoma is still very difficult, and the clinical manifestations of angiosarcoma are atypical and can manifest as chest tightness, shortness of breath, arrhythmia, or symptoms of distal metastasis [12] . Early research studies for cardiac malignancies showed that primary cardiac tumours occurred at a frequency of 0.0001-0.030% in adult autopsy series, of which 25% are malignant [13, 14] . Cardiac malignancies, despite accounting for a low proportion of systemic tumours, often have serious consequences because of the specificity of their location. Furthermore, patients are diagnosed when their chests are probed or at autopsy due to a lack of specific clinical manifestations. With the development of imaging techniques, such as ultrasound, CT (computed tomography), and magnetic resonance imaging, an increasing number of cases can be diagnosed at an early stage [15, 16] . Data from several studies suggest that males are usually affected more often than females [17] . The tumours are prone to local and distant metastasis. PET-CT (positron emission tomography-computed tomography) showed that the most common sites of metastasis were the lungs, bone, liver and brain, and the prognoses of these patients remain extremely poor [18, 19] . While surgery is usually the preferred method of treatment, the role of combination treatment with chemotherapy and radiation has not been well defined [20] .
There have been little published data analysing the presentation, management and outcome of patients with PCAS. These studies are seriously limited by small patient numbers. Thus, this population-based study aimed to investigate the clinicopathological characteristics of PCAS and identify factors related to the prognosis of PCAS patients.
Methods
This study was designed as a retrospective analysis. We analysed a total of 168 PCAS patients selected from the National Cancer Institute's SEER database. The SEER programme, supported by the National Cancer Institute, collects information on cancer morbidity and survival rates from 18 population cancer registries in America.
The criteria for selecting the subjects were as follows: (1) subjects who had tumours with malignant behaviour located in the heart (ICD-O-3/WHO 2008 site code C38.0); (2) subjects who had tumours with squamous histology (ICD-O-3/WHO 2008 morphology code 9120); and (3) subjects who were diagnosed with the tumour between January 1, 1973 and December 31, 2013. The distributions of the categorical demographic and clinicopathological variables were analysed including sex ethnicity, histological grade, summary stage, tumour size, TNM stage, LN (lymph node) metastases, distant metastases, surgery and radiotherapy status.
Statistical analysis
The demographic and clinicopathological variables were compared between age groups using the Chi square test and Fisher's exact probability test. The Kaplan-Meier curve of DSS was estimated and compared via the logrank test. The Cox proportional risk regression model was used for single-variable and multivariable analysis of DSS. Multivariate Cox regression analysis was used in single-variable analysis using variables that were significantly related to DSS. SPSS 21.0 (IBM Corporation) was used for statistical analysis. The statistical significance was determined as P < 0.05.
Nomogram development was based on the Cox regression model. An index of concordance (C-index) between the predicted probability and the observed outcome was calculated to evaluate the predictive performance. The predictive performance was also assessed using calibration plots to compare the nomogram prediction with the observed outcome. Construction and validation of the nomograms were conducted on statistical R software (3.3.1).
Results
Demographic and clinicopathological characteristics of PCAS patients.
As shown in Figs. 1 and 2, there are clear trends of increasing age-standardized incidence and mortality rates per 100,000 person-years, which were computed for each sex, the overall factors and in 8-year calendar periods (1976-1983, 1984-1991, 1992-1999, 2000-2007, and 2006-2015) . Table 1 presents some of the main characteristics of PCAS patients. A total of 168 patients were included in this study: 74 (44.0%) patients were female and 94 (56.0%) were male. Of the initial cohort, the average age at diagnosis was 44.4 ± 15.5 years, and 91.9% were younger than 69, and most patients in our study were diagnosed with < 45 years old. Overall, most subjects (55.4%) were married. The race distribution was as follows: white (67.3%), black (19.0%), and other (13.7%). Among the 61 patients with records of pathological differentiation, 1 case was well differentiated, 5 were moderately differentiated, and the remaining cases were poorly differentiated (26) or undifferentiated (29) . Tumour sizes, categorized as < 3 cm, 3-5 cm, and > 5 cm, were observed in 9 (5.4%), 32 (19.0%), and 63 (37.5%), respectively. Positive lymph node metastases and positive distant metastases accounted for the minority, considering missing data of half of the population. Localized stage indicated that an invasive neoplasm was confined entirely to the organ of origin. It may include intraluminal extension where specified, while regional stage meant the neoplasm that has extended (1) beyond the limits of the organ of origin directly into surrounding organs or tissues; (2) into regional lymph nodes through the lymphatic system; or (3) by a combination of extension and regional lymph nodes. A neoplasm that has spread to parts of the body remote from the primary tumour either by direct extension or by discontinuous metastasis (e.g. implantation or seeding) to distant organs, issues, or via the lymphatic According to the year of diagnosis, we found that the incidence of PCAS continued to increase over time, and the majority of those PCAS occurrences were in younger subjects. A total of 142 patients died due to PCAS, while an additional 26 (14.7%) patients were still alive or died due to other causes. As noted in Table 1 , most patients received radiation therapy (P < 0.05), and the year of diagnosis (P < 0.05) was significantly different between the two survival groups.
Univariate and multivariable survival analysis
Among the patients in the study, 68 were valid follow-up patients with an average survival time of 27.6 months, and the remaining cases had missing data. Overall, the 1-year, 2-year, and 5-year DSS rates were 34.7%, 14.3%, and 10.2%, respectively. Variables potentially influencing DSS were further analysed using the Kaplan-Meier logrank test. Univariate Cox analysis, as shown in Table 2 , indicated that the age at diagnosis, radiotherapy, surgery, and tumour size was associated with DSS. However, the histological grade and metastases did not significantly affect the survival. Likewise, race, TNM stage, and summary stage were not statistically significant prognostic factors, as shown in Table 2 .
Considering the limitations of univariate Cox analysis, the study uses multivariable Cox analysis to gain insights into the independent factors (Table 2) . These findings are similar to the results of the univariate regression analysis. An age of ≥ 45 years (HR 2.165, CI 1. 475-3.179, P < 0.001), no radiotherapy (HR 1.629; 95% CI 1.049-2.529, P = 0.030), tumour size > 5 cm (HR 3.182; 95% CI 1.149-8.809, P = 0.026), and the summary stage (P = 0.008) were associated with worse PCAS-related survival. It is apparent from the data in Table 2 that patients who underwent radiotherapy had a better prognosis compared to those who did not undergo radiotherapy. Multivariable survival analysis also revealed that patients aged ≥ 45 years had a significantly worse DSS. Similarly, the tumour size and summary stage were associated with PCAS-related survival.
An exploratory subgroup analysis was conducted to identify at which age and stage the patients benefited from surgery or radiation. Compared to the < 45 age group, the patients at age ≥ 45 were significantly more benefit from radical therapy (HR 2.205; 95% CI 1.167-4.166, P = 0.015) and surgery (HR 2.212; 95% CI 1.084-4.516, P = 0.029). Moreover, patients at localized and regional stage had significantly improved survival after undergoing surgery (HR 2.063; 95% CI 1.071-3.973, P = 0.030) and radical therapy (HR 2.319; 95% CI 1.148-4.682, P = 0.019) than patients at distant stage (Tables 3,  4) .
The DSS rate at 1, 2, 3, 4, 5 and 10 years was 34.7%, 14.3%, 13.0%, 11.7%, 10.2% and 8.8%, respectively. The median DSS was 7.2 years. As shown in Fig. 3a , the Kaplan-Meier analysis illustrates actuarial DSS according to the different factors. Survival was lowest for patients aged ≥ 45 years than for patients in another age group (P < 0.001). Figure 3b displays the Kaplan-Meier actuarial DSS if the patient received radiation. The survival of patients who had radiotherapy was significantly higher than that for those patients who did not have radiotherapy (P = 0.024). The DSS was significantly better for patients who underwent surgery compared to those who did not undergo surgical procedures (P = 0.031, Fig. 3c ). Additionally, there were significant differences in DSS based on the tumour size (P < 0.001, Fig. 3d) .
Furthermore, to predict the DSS of patients with PCAS, pre-treatment nomograms were established by a multivariate Cox regression model based on all meaningful variables that were factors for DSS (Fig. 4a) . In the DSS prognostic model, the C-index was estimated to be 0.706 (95% CI 0.654-0.758). The calibration curve for the nomograms revealed no deviations from the reference line. The calibrations seemed to be satisfactory (Fig. 4b) .
Discussion
Regardless of the fact that primary cardiac tumours are relatively uncommon malignant neoplasms, angiosarcoma is the most common primary malignant tumour of the heart. There are little published data on PCAS due to its rarity. Furthermore, researchers have not studied the clinicopathological features and long-term follow-up reports of this entity in considerable detail. In the present study, we aim to conduct a deeper retrospective analysis of the clinical features, treatment and prognostic factors of PCAS, which may provide clear evidence for the clinical diagnosis and treatment of PCAS patients. We described the clinical characteristics of PCAS and identified variables influencing survival with the use of data in the SEER database between 1973 and 2013. This study is based on the American population. We showed that the incidence of PCAS during the 40-year study period ranged from 0.0069/100,000 (1976-1983) to 0.0163/100,000 (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) . Additionally, the mortality rate shows a similar trend as the incidence rate. Nonetheless, female patients had less incidence during 1990s, but then caught up with males. It is probably because the occurrence of tumours is not only related to genetic, genetics, lifestyle, and environmental deterioration, but also affected by personality and emotional stress. Therefore, the increase in morbidity may be related to the stress of women's life in the recent years, as well as the use of contraceptives by women. The average age of PCAS patients is 44.4 years, and the ratio of male to female patients is 1.3:1. This male-dominant tendency is in agreement with the data analysis results of other research studies in Eastern and Western countries [10, 21] . In our study, there are some factors related with PCAS survival. According to our data, the tumour grade is not associated with survival. It may be because the grade information of 107 patients was unknown, which will affect the results. A retrospective study by Hong investigated 18 cardiac AS patients [21] . At the time of diagnosis, 8 patients (44%) suffered from localized advanced diseases and 10 patients (56%) had metastatic disease. The median overall survival (OS) was 13 months for the entire cohort; the median OS was 19.5 months for those presenting with localized advanced AS and 6 months for those presenting with metastatic disease (P = 0.08). The median OS was improved (17 vs 5 months, P = 0.01) in patients who underwent primary tumour resection compared to patients with tumour in situ retention. Our study followed up 68 patients; we found that the median survival time of patients receiving surgery was improved (11 vs 7 months) compared with patients who did not undergo surgery. The DSS was significantly better for patients who underwent surgery compared to those who did not undergo surgical procedures; therefore, surgery should be considered as a good option for treatment in selected PCAS cases.
It is now well established from a variety of studies that cardiac AS is linked to poor prognosis. Resection of the primary tumour should be attempted when feasible, as the OS may be improved. Nevertheless, most patients die of disease progression. Fatima et al. analysed the data from 13 patients and concluded that primary angiosarcoma of the heart and great vessels is uncommon and associated with a grim prognosis [22] . Our data indicate the median DSS of patients who received radiotherapy significantly improved when compared with patients without radiotherapy (15 vs 6 months). As a result, it 24:29 supports that surgery plus adjuvant therapy seems to be an option that improves DSS but it still needs further studies. Given that the majority of patients with this disease are relatively young, we recommend active multimodality treatment; however, the exact treatment plan must be individualized according to the characteristics of the patient. PCAS has a poor prognosis with an average survival time of no more than 1 year [11, 23, 24] ; however, the mean DSS of patients with PCAS in our cohort was 44 months, which was longer than the previous results and may be related to the certain treatment of some patients in this cohort. The treatment of primary cardiac tumours remains controversial, but surgery plays an essential role in the context of localized disease. The survival time for surgically treated patients ranged from 2 to 55 months and the median survival time was approximately 14 months [17] , which is consistent with our study to an extent; the survival time of patients receiving surgery was ranging from 1 to 60 months, with a median survival time of 11 months.
Data from several sources have identified chemotherapy and/or radiotherapy as optimal options after radical or debulking surgery [25, 26] . In 1997, Kakizaki et al. published a paper in which they found that a PCAS patient survived for 30 months after surgery since he was treated with a combination of chemotherapy and immunotherapy [27] . Sinatra et al. published a paper in which they analysed data and concluded that the combination of surgical resection and radiation can reduce tumour size and eliminate symptoms, despite incomplete resections [28] . Much of the available literature on PCAS addresses the question of radiotherapy. Postoperative adjuvant radiotherapy can not only improve the local control rate but also decrease the recurrence rate after resectioning of the primary tumour [29, 30] . It is the first study that showed the same result in a bigger cohort which reinforces the importance of further studying these treatment options. The nomograms have been used in the prognosis assessment of a variety of cancer patients and are considered to be superior to traditional staging assessments. From the nomograms graph, the approximate probability value of the dependent variable can be obtained from the value of the predictor variable. According to the specific situation of PCAS patients, the scores of the corresponding indicators are obtained. The total scores could be used to predict the survival rate, and individual prognosis can be evaluated. This project successfully constructed the nomograms prediction model based on independent risk factors determined by survival analysis, the C-index was estimated to be 0.706 (95% CI 0.654-0.758), which is helpful for the design of clinical treatment decisions and clinical research programmes.
There are certain unavoidable limitations in this study. First, the SEER database does not publish important clinical information such as chemotherapy regimen, surgical details, and complications. Therefore, some potential prognostic factors cannot appear in the Cox risk scale model. Another unavoidable limitation is the absence of a focused review and quality control of the pathology reports in this study.
Conclusion
Through data analysis with the SEER database, we identified the clinicopathological characteristics, treatments, and outcomes of patients with primary cardiac AS. Our study provided evidence that the age and year of diagnosis may play an important role in the survival of PCAS patients. Clinically, radiotherapy and surgery can increase the long-term survival of patients with PCAS. We hope that this case series will provide the context for evaluating and treating PCAS. 
